Recently established, temperate tree populations combine a high level of differentiation for adaptive traits, suggesting rapid genetic evolution, with a high level of genetic diversity within population, suggesting a limited impact of genetic drift and purifying selection. To study experimentally the evolutionary forces in a recently established population, we assessed the spatial and temporal patterns of genetic diversity within a disjunct population of Cedrus atlantica established 140 years ago in south-eastern France from a North African source. The population is expanding through natural regeneration. Three generations were sampled, including founder trees. We analysed 12 isozyme loci, three of which were previously found in tight association with selected genes, and quantitative traits. No bottleneck effect was detected in the founder generation, but a simple test of allelic association revealed an initial disequilibrium which disappeared in the following generations. The impact of genetic drift during secondary evolution was limited, as suggested by the weak temporal differentiation. The genetic load was not reduced after 3 generations, and the quantitative variation for adaptive traits did not change either. Thus, initial genetic changes first proceed from a rapid re-organisation of the diversity through mating and recombination, whereas genetic erosion through drift and selection is delayed due to temporal and spatial stochasticity. Two life-history traits of trees contribute to slowing down the processes of genetic erosion: perenniality and large spatial scale. Thus, one would expect recently established tree populations to have a higher diversity than older ones, which seems in accordance with experimental surveys.
Introduction
The high level of within-population diversity generally found in tree species (Hamrick et al, 1992 ) is a striking feature for two reasons. First, because in the temperate zone, the rapid post-glacial recolonisation involved longdistance founder events (Le Corre et al, 1997) . However, these founder events have not resulted in genetic drift. By using a metapopulation model, Austerlitz et al (2000) showed that the long juvenile phase of trees could account for the high level of within-population diversity and the low differentiation for neutral genes. In this model, migrants cumulate over years before the new generation arises, that is, the long juvenile phase of trees increases the impact of migration. Only in very isolated situations, such as that described by Ledig (2000) for Pinus coulteri, where highly isolated populations are restricted to high elevations and separated by semiarid habitats which severely limit gene flow, do founder events lead to genetic drift.
The second process that is expected to reduce within-population diversity is purifying selection. Trees usually show a marked differentiation among populations for adaptive traits: a typical example of clinal variation was observed on Quercus (Ducousso et al, 1996) . From a large-scale study of 125 Pinus contorta provenances tested in a broad range of climatic conditions and based on the model of quantitative genetics for response to selection, Rehfeldt et al (2001) predicted that only one to 12 generations are sufficient for evolutionary adjustments after climatic changes occur, depending on the geographical zone. Indeed, a rapid genetic evolution for adaptive traits has been observed in translocated populations, as soon as the first seed generation, and this evolution was generally considered a result of selection (Espinel et al, 1995; Skrppa and Kohmann, 1997; Pinyopusarerk and Williams, 2000; Peterken, 2001) . From a survey of experimental results, Reznick and Ghalambor (2001) concluded that demographic growth is a key factor preventing population decline that could result from directional selection.
Thus, tree populations show the capacity of rapid adaptive changes while maintaining a high level of genetic diversity within population. Mutation is not the main evolutionary force that shapes diversity at the time scale of a few generations of trees. Gene flow is particularly important in trees and interferes with selection in several ways (Lenormand, 2002) . Genetic drift and selection are the other evolutionary forces controlling genetic diversity. In a recently established tree population, the result of combined evolutionary forces depends on the initial genetic diversity and the environmental conditions in the destination site. Several scenarios are possible.
When initial population establishment results in a bottleneck, genetic drift leads to a random change of allelic frequencies and a reduction in gene diversity in the colonising population compared to the source. Furthermore, we expect a reduction of diversity after inbreeding in the following generations if detrimental genes are purged due to selective sweep (reduction of diversity around the target genes of selection due to hitch-hiking). Indeed, most tree species are allogamous and their high level of diversity is also related to an important genetic load (Ledig, 1986) . By contrast, for quantitative traits, a bottleneck results in reduced gene interaction effects and increased additivity (see Carson (1990) for review). If foundation results from population admixture, the allelic diversity is increased. Tree populations transplanted for afforestation programs provide an experimental support to study evolutionary processes. For example, Zheng and Ennos (1999) detected a higher diversity for Pinus caribaea populations introduced in China compared to the natural range of the species, due to population admixture, contrasting with increased inbreeding in the populations introduced in Australia, due to flowering defaults and consequently reduced population size. Hybridisation is another important factor of secondary evolution when there is an indigenous species related to the exotic, which is not discussed here.
Cedrus atlantica Manetti (cedar), which was introduced to France from North-Africa in the 1860s for afforestation of eroded land in the Mediterranean region (Cointat, 1996) , provides such an opportunity to study evolutionary processes in trees. The species is now well established and regenerates naturally, the youngest seedproducing trees belong to the third-or fourth-generation after establishment. In the common garden experiments planted in France, seeds collected in the French artificial populations perform better in growth than seeds collected in the natural range (Bariteau and Ferrandes, 1992) . Assuming that juvenile growth is partly under additive genetic control and does not only reflect maternal effects (Cornelius, 1993) , the improved genetic value of transplanted populations could be interpreted as a response to selection in the local environment. Under this selection hypothesis, we expect the superiority of the introduced populations to be maintained with the selection pressure. Such a rapid and efficient response to selection requires that no major effect of genetic drift interferes with the process of selection. As an alternative hypothesis, we may consider that old populations were spatially structured in their native environment, leading to a certain amount of inbreeding due to mating among neighbour relatives (Epperson, 1992) . Just by mixing the seeds collected on different trees and by sowing them at random, foresters could have broken the original neighbourhood structure and therefore decreased inbreeding in the first generation of seeds. Under this inbreeding hypothesis, which can be extended to heterosis as a result of population admixture, the superiority of seeds produced in the artificial population may decrease as the introduced population gets 'old' and structured. The selection and the inbreeding hypotheses lead to opposite expectations regarding long-term sustainability of the introduced germplasm.
To infer drift and selection processes, we followed neutral and selected gene diversity across three consecutive generations, including surviving founder trees, in a forest which has undergone no sylvicultural management since its founding in the mid 19th century. In previous work based on isozymes, we described the heterogeneity of segregation patterns and recombination rates among progenies, which suggested selection associated with some of the markers (Fallour et al, 2001) . Therefore, we assessed spatial and temporal variation of the genetic diversity by using three different measures that are generally poorly correlated (Reed and Frankham, 2001 ): neutral genes (some isozymes), single gene markers tightly associated to selection targets (or even directly selected genes, other isozymes), and quantitative traits measured in half-sib progenies. We addressed the following questions: did initial foundation result in a bottleneck or, conversely, in population admixture? What was the impact of genetic drift during secondary evolution? What was the evolution of selected genes and adaptive traits during secondary evolution? Finally, what expectations can be drawn for the genetic diversity of this population?
Material and methods

Material
The cedar forest under study lies on the ridge of a small mountain (Luberon, south east of France, 700 m max. elevation) subject to strong dry winds in the Mediterranean climate zone. Afforestation was used to stop soil erosion after centuries-long grazing: environmental conditions were particularly stressful for afforestation, several species were initially mixed but only Cedrus survived (Vicaire, 1864) . According to the archives of the French National Forest Service, afforestation was performed by direct sowing of seeds collected in Algeria, but the exact provenance of origin remains uncertain (Cointat, 1996) . It started in 1865-68 in Ménerbes and Lacoste districts (Figure 1 ), but only in 1893 in Bonnieux district (Fallour, 1998) . No further introduction has been reported in this forest since that time. The forest expanded through natural regeneration in several waves, depending on the decrease of grazing intensity and forest fire regime. The forest is now continuous (Figure 1 ). Many seeds were initially planted but survival was irregular: in particular, an aerial photograph reveals that, in 1939, the Lacoste district (zone 1) consisted of an open landscape with scattered surviving founder trees (we counted a maximum of 800 trees for ca. 100 h), whereas survival rate was much higher in the Menerbes district. No thinning or exploitation has occurred until very recently.
In all, 212 adult trees were sampled, representing the different size classes observed in the Luberon forest. They were distributed into three zones (z1, z2, z3), corresponding to the three introduction areas (Figure 1 ). Tree age was estimated by three wood cores at 60 cm height. A correction term was used to take into account undetected annual rings at 60 cm: from a destructive analysis, we estimated as 10 years the mean age of 60 cm tall seedlings sampled in the forest. Furthermore, the Diversity within introduced tree populations initial growth of the founder trees was very slow and counting the first annual rings was much more uncertain for them than for young trees. Since the archives give a precise information on the date of establishment, we used another correction term for the founder trees so that the oldest age estimate corresponds to the first establishment date, that is, 1863. Finally, we estimated tree age as follows:
Age ¼ number of annual rings þ 10 or Age ¼ number of annual rings þ 15;
for the founder trees:
Three generations were then clearly identified ( Figure 2 ): G0 correspond to the surviving founder trees. G1 correspond to the first regeneration step. G2 is potentially derived from G0 and G1 trees.
A zone Â generation group of progenies is hereafter refered to as a subpopulation.
Based on the information available in the archives of the National Forest Service, we consider that age variation observed within G0 does not correspond to a long period of introduction but rather reflects the error of our age estimation for the oldest trees. We did not find any tree corresponding to the afforestation of 1893 mentioned in Bonnieux district in our sampling area. To separate G1 from G2, we considered that significant flower production of Cedrus in this forest starts at the age of 40 (Toth, 1978) , which is also in accordance with the starting date of G1.
Seeds were collected from 186 trees. Allocation of sample trees among age classes and forest zones is described in Table 1 . The youngest trees (G2) in zone 3 were not sampled because they rarely produced any cones.
Three other samples were included in the isozyme analysis as reference populations: a natural population from Algeria (Tala-Guilef), and two French populations Diversity within introduced tree populations F Lefèvre et al (Ventoux and Saumon), which were established at the same period as the Luberon forest, possibly from the same gene pool (at least by the same forest engineer; Cointat, 1996) . Seeds from Tala-Guilef were kindly provided by Ms F Krouchi (Univ. Tizi-Ouzou), and commercial seed lots were used for the French populations.
Isozyme markers
For the Luberon sample, we used the segregation data of 11-29 megametophytes per progeny (Fallour et al, 2001) to determine the genotype of each seed tree; a tree was declared as heterozygote for a locus when segregation occurred whatever the relative frequency of each allele. Otherwise, it was declared as homozygote. Out of the 12 polymorphic loci, three showed constant segregation distortion with a deficit of the rarest alleles in all the progenies from heterozygous seed trees (Idh, Acp-c, Got-a): tight linkage with selected genes or even direct selection was thus suspected for these loci (Fallour et al, 2001) , and we refer to them as selected markers hereafter. The nine other loci that showed Mendelian segregation in all progenies (Acp-a, Lap-a, Lap-b), or segregation distortion in some progenies but not always in the same direction (Got-b, Mdh-c, Mnr-a, Mnr-c, Pgi-b, Skdh), were considered as neutral markers. Two markers were linked, Acp-c and Got-b; the distance between these markers was estimated as 17 cM but the recombination rate varied from 0.05 to 0.28 among seed trees, suggesting the existence of selected genes in the genomic region (Fallour et al, 2001) . For the reference populations, diploid genotypes were determined on germinated embryos with the same isozyme markers, following the protocols described by Fallour et al (2001) .
Monolocus diversity parameters such as mean number of alleles per locus, observed (H o ) and expected heterozygosity (H e , unbiased estimate following Nei, 1978) , and F is values were computed using the GENETIX software (Belkhir et al, 1998) . Sampling error and confidence intervals were based on a bootstrap procedure (1000 iterations) using default parameter settings. For differentiation among subpopulations, the GENEPOP software (Raymond and Rousset, 1995) was used to perform Fisher's exact test of differentiation on allelic contingency tables (1000 iterations) and F st parameters were estimated with the GENETIX software following Weir and Cockerham (1984) . For a multilocus approach, combined two-locus genotypic disequilibria were estimated within each subpopulation following Weir (1990) , and tested by bootstrap on monolocus genotypes (1000 iterations) using GENEPOP (Raymond and Rousset, 1995 ). Bonferroni's correction was used to take into account the high number of tests.
Under several mutation models, a recent bottleneck in a population under mutation-drift equilibrium reduces the number of alleles faster than it affects their frequencies, leading to an excess of diversity (He) compared to its expectation with the same number of alleles under the hypothesis of constant population size (Cornuet and Luikart (1996) . We used the BOTTLENECK software (Piry et al, 1998) to perform this test although isozymes do not strictly follow such mutation models.
To test the hypothesis of population admixture at introduction, we used the Bayesian approach developed by Dawson and Belkhir (2001) : their PARTITION software provides a statistical test of the null hypothesis k ¼ 1 vs an alternative k41, where k is the number of source populations assumed to be at Hardy-Weinberg and linkage equilibrium. For this analysis, we only considered eight unlinked loci out of the 12: Acp-c was dropped because of linkage with Got-b, whereas Lap-a, Lap-b and Mnr-b were dropped because of missing data.
As usually observed with isozymes, most of the polymorphism consisted of 'rare alleles', resulting in small sample size within each class of individuals, and a low power of statistical tests based on monolocus parameters. However, there may be a biologically sound information at a global level even when individual tests are not statistically significant, for example, when all rare allele frequencies at different loci vary in the same direction. Here we performed a basic global test of intraand interlocus equilibrium using the eight unlinked loci previously mentioned. For each locus, we made a distinction between 'common' and 'rare' alleles based on their frequency in each subpopulation. At equilibrium, and under the null hypothesis of panmixia, we expect no particular associations of the same class of alleles among themselves, neither within locus nor among loci. Rare alleles were scored '1' within each locus, common alleles were scored '0'. For each genotype, we computed the number of rare alleles for these eight loci. This number potentially ranged from 0 to 16. For each subpopulation, we compared the distribution of the number of rare alleles per genotype to its expectation after bootstrapping alleles within each subpopulation (1000 iterations). Computations were made using S-PLUS (1996) .
To study the evolution of the genetic load associated with the three selected markers, we compared the distribution of segregation ratio among generations by using a nonparametric Kruskal-Wallis test.
Progeny test
The nursery test involved 100 progenies representing the different zones and generations (Table 1 ). The seeds collected in 1995 were dehydrated and stored in vacuumsealed bags at þ 41C until spring 1997. In March 1997, the seeds were germinated in the State Experimental Nursery of Aix-en-Provence (France). Emerging seedlings were individually transplanted in 400 cm 3 containers with a planting medium (2/3 peat and 1/3 pine bark) usually used for Cedrus reforestation material. Five blocks were consecutively installed this way during the 15 days of seedling emergence.
The experimental trial consisted of five complete blocks with no within-block replication, each progeny being represented by a single unit plot of five seedlings in the stressed treatment (S, blocks 1-3), irrigation was completely stopped in order to generate drought conditions; in the normal treatment (N, blocks 4 and 5), seedlings were regularly watered during the whole growing season.
Total plant height was measured in both treatments at the end of the growing season. In order to check the mortality in the stressed treatment, plants were rehydrated from November 15th until December 9th when mortality was scored. Within each block, the 100 progenies were distributed in a regular grid of 5 Â 20 unit plots. The five blocks were contiguous, resulting in a global regular grid of 25 Â 20 unit plots. Due to material constraints, the design was only partially randomised within each block and subpopulations were partially confounded with row structure within a block. Therefore, rather than using a split-plot model to analyse the data, we used the iterated Papadakis procedure (Pichot, 1993) to adjust the raw data to the heterogeneity of environmental conditions. This method does not require any a priori assumption on the distribution of spatial heterogeneity (Pichot, 1993) . It also allowed us to include the spatial information at a broader scale than just the block. The method consists of a succession of ANOVAs, as follows: at iteration n, the ANOVA model combines the genotype and a covariate corresponding to the mean residual value of the eight nearest neighbours from the previous nÀ1 step. Iterations proceed until convergence. This procedure provided the data set adjusted for spatial heterogeneity (including block effect) that we used for further analysis. For height, the raw data were the individual measures. For survival, the raw data were the survival rates per unit plot arcsine transformed for homoscedasticity. Narrow sense heritabilities were estimated as e represent the between-and within-family components of variances, respectively, using restricted maximum likelihood estimates. The genotypic variance (measured on family means) was compared among the different generations using a Bartlett test. All computations were made with S-PLUS (1996) . Routines for Papadakis procedure are available on request.
Results
Impact of founding: bottleneck or admixture?
The overall isozyme diversity in the Luberon forest (H e ¼ 0. 209) was similar to that of native populations of C. atlantica, and significantly higher than that of other introduced populations in France ( Table 2 ). The overall fixation index was lower in the Luberon forest (F is ¼ À0.043) than in the Algerian population under study (F is ¼ þ 0.064), although not significant (Table 2) . Globally, when the three generations were pooled together, we observed no spatial structure among the three sampled zones.
For the founder population (generation G0), there was no significant differentiation (F st ) among zones, and no significant deficit in heterozygotes within each zone that would have suggested a Wahlund effect (Table 3 , all F is values were nonsignificant). We observed a slightly lower diversity in zone 3 compared to the other zones at this generation.
The test of population admixture performed in the founder gene pool following Dawson and Belkhir (2001) was not significant. Similarly, at multilocus level, no single two-locus genotypic disequilibrium was significant at G0 after Bonferroni's correction for multiple tests. However, the distribution of the number of rare alleles per individual in generation G0 differed significantly from its expectation under the hypothesis of random association of alleles ( Figure 3) ; there was an excess of individuals with no rare alleles and a deficit of individuals with one rare allele, that is, rare alleles were Based on isozyme analysis of 75-100 megagametophytes per population (haploid data).
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Secondary evolution of the nine neutral markers
Isozyme diversity did not decrease from the oldest to the youngest generation, but rather increased both globally and within each zone, in particular in zone 3 (Table 3) . Only one temporal difference was significant: between G0 and G1 in zone 1 (F st ¼ 0.030, P ¼ 0.05). No bottleneck effect was detected at any generation, neither in any zone nor globally. A slight spatial differentiation appeared at generation G1 between zones 1 and 3 (F st ¼ 0.017, P ¼ 0.034). There was no differentiation between zone 2 and zones 1 and 3 at any generation. The observed heterozygosity, H o , globally increased from the founder G0 to the G2 generation (from 0.208 to 0.226). It also increased within zones 1 and 2 and was stable within zone 3 (Table 3) . Thus, the younger trees were more heterozygous than the older ones. However, all F is values remained nonsignificant.
The pattern of multilocus associations revealed a clear redistribution of rare alleles among individuals over generations (Figure 3) . In particular, the number of individuals with 0 or 1 rare allele reached their expected values as soon as generation G1.
Secondary evolution of the three selected markers
The rare alleles in constant segregation distortion were not lost in the youngest generation, and the diversity at these loci did not decrease, neither globally nor within each zone (Table 3) . We did not detect any difference among generations in the distribution of segregation ratio for Idh and Acp-c loci (29 and 76 heterozygous seed trees, resp.), that is, the segregation distortion was the same in the younger age classes as in the founder trees. This could not be tested for Got-a because there were only three heterozygous seed trees at this locus.
Diversity and evolution of quantitative traits
Total height in normal conditions showed a high genetic variation among families (h 2 ¼ 0.43, P ¼ 0.00). The various subpopulations differed for this trait, as revealed by the significant zone Â generation interaction, but there was no general difference, neither among zones nor among age classes (Table 4 ). The genotypic variance did not differ among zones (P ¼ 0.65), nor among generations (P ¼ 0.53).
In stressed conditions, we observed a surprisingly high level of genetic variation for survival, ranging from 1 to 99% depending on the family (h 2 ¼ 0.15, P ¼ 0.02), but no difference among zones or generations as for the previous trait (Table 5) . Similarly, the genotypic variance did not differ among zones (P ¼ 0.54), nor among generations (P ¼ 0.89). Diversity within introduced tree populations
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Discussion
A high level of diversity was found in the Luberon cedar forest, similar to that of the native populations. No bottleneck was detected in the G0 founder gene pool at monolocus level, and no differentiation was observed among the founder gene pools of the three sampled zones. This suggests that many seed trees had been originally collected in Algeria and that the same seed lot was used for afforesting the three districts. No departure from equilibrium could be detected using either monolocus parameters (Wahlund effect on F is ), two-locus disequilibrium, or the test of general equilibrium developed by Dawson and Belkhir (2001) . We suggest that this is due to the low power of these tests because of many rare alleles. We developed a simple test of multilocus associations of these rare alleles, and detected an initial genetic disequilibrium in the founder gene pool, replaced by a random association of alleles in the following generations. This strongly suggests population admixture at founding. During secondary evolution after establishment, we neither observed a reduction of genetic diversity on adaptive nor on neutral genes. A single temporal difference was detected in zone 1 at the first regeneration phase. This indicates that genetic drift did not occur severely in the Luberon except in zone 1, where initial survival was also the lowest according to aerial photographs. The stable frequency of the distorted alleles associated to deleterious genes and the stability of segregation distortion over the three generations suggest that no purge of the genetic load has occurred in this population. Furthermore, the maintenance of distorted alleles in the natural populations (all heterozygous founder trees showed the same distortion with a deficit of the same allele) indicates that purging the genetic load was not efficient in a larger time scale either. Byers and Waller (1999) did not find clear evidence of a purge of the genetic load in small populations, and attributed this to the effect of genetic drift which reduces the impact of selection. This cannot be the only explanation in our case, because genetic drift was not detected for the neutral markers. Neither can the limited impact of selection on the genetic load be explained by demographic changes after founding because selection is even more effective in expanding populations (Otto and Whitlock, 1997) . Therefore, we conclude that the accumulation of individual genetic contributions over years participates in the maintenance of the genetic diversity. Annual stochasticity of pollen and seed production, combined with annual variation of climatic conditions, simultaneously reduces the impact of fertility variation (Dodd and Silvertown, 2000) and selection in two ways: (i) temporal stochasticity increases the chance of reproductive success of any individual over years; (ii) the variation of cumulative fertility over years may be lower than the variation of any single year (Krouchi et al, 2004) .
Transplantation is a major perturbation that enhances the effect of selection on adaptive traits (Endler, 1986) , and we would expect a rapid evolution of quantitative traits that are not purely neutral. Indeed, the studied population was originally established in stressful conditions that influenced survival rate in the founder population. In the nursery test, however, we observed a significant additive genetic variation for survival and growth traits under stress, but no change over generations, neither in means nor in variance. The maintenance of genetic variance in introduced tree populations was also observed by Kaufman and Smouse (2001) . Excluding the effect of mutation at this time scale, the maintenance of genetic variance is classically explained by the infinitesimal model, which considers that many genes of small effect are controlling the traits under study (see Barton and Keightley (2002) for a review). Here, we observed that individual markers associated with selectively controlled genes did not change in frequency either, although they do not correspond to the infinitesimal model. Therefore, we conclude that two mechanisms contribute to reduce the impact of selection in this tree population: temporal stochasticity, as previously invoked, and spatial heterogeneity of environmental conditions. Such an interpretation seems likely in the Luberon forest. A pedological study (Fallour, 1998) has shown that soil conditions were highly homogeneous on a broad scale over the whole forest but could drastically vary at local scale due to cracks in the substratum, which is a key factor locally determining water availability to trees.
Although French cedar landraces generally perform better than native populations in common garden experiments (Bariteau and Ferrandes, 1992) , we could not detect any impact of selection on gene diversity across the three generations under study. The genetic load was maintained, and seed trees with 'poor' breeding values in terms of survival and growth in controlled conditions were maintained. More information comes from the evolution of the organisation of gene diversity, in particular heterozygosity. Heterozygosity is generally high in forest tree populations. It increases with the age of the trees and F is estimates are generally Data were previously adjusted to environmental effects using Papadakis' method (see text). Adjusted mean squares are provided, main effects are tested relative to their interaction. Data were previously adjusted to environmental effects using Papadakis' method (see text). Adjusted mean squares are provided, main effects are tested relative to their interaction.
Diversity within introduced tree populations highly negative, that is, old trees are more heterozygous than expected (Farris and Mitton, 1984; Yazdani et al, 1985; Plessas and Strauss, 1986) . This pattern of heterozygosity is considered to be the result of selection (Ledig, 1986) . A counterexample was recently found in Fraxinus populations. In this case, Morand et al (2002) attributed the deficit of heterozygotes to assortative mating and/or the presence of null alleles in their microsatellites. Our naturalised population showed a particular trend: no positive F is was observed in the sample of old founder trees despite population admixture; furthermore, observed heterozygosity increased during the secondary evolution phase and younger trees were slightly more heterozygous than older ones. Such pattern is expected when a Wahlund effect at foundation is balanced by a general trend of increased heterozygosity with age (we only have access to the old survivors of the founder population). Since we observed no decrease in gene diversity but increased heterozygosity in the younger generations, we conclude that the inbreeding hypothesis is a more likely explanation than selection to account for the superiority of this population as a seed source compared to natural populations. The inbreeding hypothesis is also supported by the overall higher heterozygosity (lower F is ) observed in the Luberon forest compared to an Algerian population. The genetic value of this germplasm may still evolve in one or another direction when the new generations come to pollen and seed production. As expected, the initial allelic associations inherited from the structure of diversity among population sources were rapidly erased, as early as the second generation. By contrast, the effect of drift and selection on the genetic diversity was not yet visible. Gene flow is not the main force that balanced drift and selection in this population: no secondary introduction occurred in this area, and the nearest cedar forest, Ventoux, is located 40 km away (probably from the same seed source). We hypothesise that, besides the long juvenile phase mentioned by Austerlitz et al (2000) , two other life history traits also contribute to the high within-population diversity found in trees: perenniality and large spatial scale. First, perenniality increases the effective population size when contributions to the regeneration are cumulated over years, due to temporal stochasticity. Second, the large spatial scale of tree populations limits the effect of selection due to spatial heterogeneity of environmental conditions at this scale. In other words, in a recently established tree population founded from various sources, new genotypic combinations emerge more rapidly than genetic erosion occurs through genetic drift and selection. Under this hypothesis, the rapid genetic changes observed in translocated tree populations may result from the creation of new genotypes, based on the diversity of founding sources, and not only from the erosion of pre-existing diversity. Therefore, when secondary gene flow is limited, we would expect a higher level of genetic diversity within recently established tree populations than in older ones. This mechanism could partly explain the spatial pattern of gene diversity observed in beech (Comps et al, 2001) : gene diversity decreases with population age from the most recently colonised regions to the initial refugia, whereas allelic richness, which is more rapidly affected by founder events (Cornuet and Luikart, 1996) , shows the opposite trend. Referring to the review by Hamrick et al (1992) , population age since establishment could partly explain the higher diversity found within populations of borealtemperate tree species (Hep ¼ 0.204) compared with tropical ones (Hep ¼ 0.125), although these groups of species do not differ in their overall genetic diversity at species level (Hes ¼ 0.206 and 0.191, resp.). Hamrick et al (1992) also observed a significantly higher withinpopulation diversity in long-lived woody perennials compared to short-lived woody perennials, but this may not directly be attributed to the effect of perenniality previously mentioned because the two groups also differ in their overall diversity at the species level. Finally, Hamrick et al (1992) did not find a significant difference among successional status for within-population diversity, which could be due to the fact that both recently established and 'old' populations can be found in each species.
The Luberon cedar forest is still a 'young' and diverse population, but genetic erosion through drift and selection may progressively become more effective: management should avoid accelerating this process. We observed a lower genetic diversity in the other French Cedrus forests (considering that commercial seed lots are supposed to be collected from more than 30 trees in each stand, we assume they provide a good sample of the populations). This difference should be further investigated but it is noticeable that, in these forests, the oldest trees were rapidly exploited after the first regeneration waves due to their limited economic value and bad shape (branchiness). This has reduced their long-term contribution across generations and potentially allowed a higher impact of genetic drift and natural selection on the diversity. In the Luberon forest, the old founder trees were preserved for their patrimonial value; they still contribute to the maintenance of the high level of genetic diversity in this stand.
